Purpose: The number of patients with traumatic and iatrogenic tracheobronchial injuries is increasing. Early diagnosis, prompt establishment of a secure airway, and appropriate management could prevent sequelae and lead to a good outcome. Methods: Between "1994-2007", 35 patients with major airways trauma were managed. This descriptive and retrospective study evaluates clinical findings, diagnostic approaches, initial managements, definitive surgical or nonsurgical treatments and follow-up results. SPSS was used for descriptive outcomes. Results: There were 27 males (77%) and 8 females, with a mean age of 28.2. There were 16 blunt, 11 penetrating and 8 iatrogenic traumas, at the level of the larynx in 1, larynx and hypopharynx in 3, laryngotracheal in 12, tracheal in 13, tracheobronchial in 1, and main bronchi in 5 patients. Fourteen patients (40%) were initially managed, and 21 patients were referred to us after their initial managements at outside hospitals. There were 7 complications (20%); one resulted in mortality (2.9%). The overall final results were good in 57.1%, acceptable in 31.4% and poor in 5.7% of patients, (mean follow-up time, 58.2 months). The respiratory status and the phonation looked better in the initially managed than the delayed managed group. Conclusion: We recommend that, patients only become respiratory stable with minimum intervention and then be referred to centers with sufficient experience in airway surgery.
Introduction
Tracheobronchial injuries although rare 1) are potentially life-threatening events. In the past, most of these cases died before reaching the hospital.
2) Currently, with better in scene resuscitation and professional emergency transportation, there are more patients who reach the hospital while alive. 3) There are also more new cases of iatrogenic tracheobronchial injuries, as a result of an increasing number of diagnostic as well as therapeutic airway manipulations.
Diagnosis of those injuries caused by penetrating traumas is generally straightforward during the physical examination or surgical exploration. However, diagnosis of those caused by blunt or iatrogenic traumas is sometimes complex or misleading and requires an astute physician with a high index of suspicion. In most cases, early diagnosis and prompt establishment of a secure airway, as well as an appropriate treatment plan would lead to a successful outcome and may prevent death, multiple reoperations or lifelong tracheostomy. [4] [5] [6] [7] We report our 13-year experience in managing this rare group of patients with emphasis on the importance of bronchoscopy in diagnosis and evaluation of the extent of the injury and securing the airway, as well as on the key role of a thoracic surgeon expert in management of the injured airways.
Materials and Methods
During a 13-year period (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) , 35 patients were managed for penetrating, blunt and iatrogenic major airway trauma by thoracic surgery staff of our center. A retrospective review of the medical records of all patients who were managed either primarily or secondarily for laryngotracheal and main stem bronchial injuries was performed. Demographic data, clinical findings, diagnostic approaches, initial management, definitive surgical or nonsurgical treatment and follow up results are presented.
Follow-ups were done by outpatient chart reviews and direct patient contact. The results were defined as "good," "acceptable" and "poor." We assessed the results as "good" when the patient had normal vocalization or no dyspnea during physical exertion, "acceptable" for a husky vocalization or dyspnea during exertion, and "poor" for severe dysphonia, dyspnea at rest, or a cannulation, required at the last follow up. The study was approved by the Medical Ethics Committee, and because there was a retrospective chart review study, the written consent was waived by the Ethics Committee Board.
Our method of choice for diagnosis and establishment of a secure airway was rigid bronchoscopy. The technique of bronchoscopy, as well as surgical resection and reconstruction of the major airways, have already been described. 8, 9) The results were calculated by SPSS software.
Results

Demographic data
There were 35 patients, 27 (77%) males and 8 (23%) females (mean age 28.2; range 11-81years). There were 16 (46%) blunt, 11 (31%) penetrating and 8 (23%) iatrogenic traumas. Fourteen patients (40%) were initially managed by us, for their acute injuries (Initial Management or IM group) and 21 patients (60%) were referred to us after their initial managements at outside hospitals (Delayed Management or DM group). The mechanisms of injuries are shown in Table 1 . Fig. 1 A 25 year-old man with a large stab wound in his neck. Table 1 Mechanisms of injury   Trauma  IMG  DMG  Total   Blunt  Motor Vehicle accidents  2  9  11  Unseen ropes or wires  -3  3  Crush injury  -1  1  Direct blow to the neck  1  -1  Fall injury  -1  1  Sport related accident  -1  1  Tightened shawl  1  -1  Penetrating  Stab wound  4  2  6  High speed metal splinters  -2  2  Iatrogenic  Bronchoscopy  2  -2  Intubation  1  2  3  Intraoperative  3  -3  Total  14  21  35 IMG: initial management group; DMG: delayed management group
Initial management group
The clinical findings of the IM group are shown in Table 2 . Diagnosis was confirmed in 6 out of 14 patients by rigid bronchoscopy. In the other 8 patients, including all 6 patients with penetrating injuries, diagnostic bronchoscopy was not carried out because of their obvious clinical findings, although it might have been done during the surgical procedure for evaluation of the extent of injury.
Esophagoscopy was performed in three patients, which ruled out any esophageal tear.
In five patients, respiratory distress led to emergency procedures to secure an airway. Two patients with complete transection of the cervical trachea required placement of an endotracheal tube directly into the distal trachea through the wound. Bronchoscopy-guided intubation was performed in one blunt case with a complete transected trachea. Two patients were regularly intubated with endotracheal tubes; one in the emergency room, and the other one at the scène. All procedures were successful with no subsequent hypoxic complications.
The characteristics of the injuries, their managements and final results in this group of patients are summarized in Table 3 .
Delayed management group
The mean time interval between the trauma and admission to our hospital was 5 months (range: 1 day-2 years), excluding one patient who was admitted 13 years after the trauma. In five out of 21 patients, major airway traumas were not promptly identified at outside hospitals. Diagnosis was then established within 1 day to 7 weeks after their traumas. Three of them had a common scenario; initially after trauma, they had pneumothorax and/or hemothorax which required chest tube drainage. Although, in two of them, the lung was initially reexpanded after chest tube insertion, their symptoms did not improve, and their lungs were found collapsed in the follow-up chest x-rays. They were subsequently referred to us and were diagnosed to have complete main bronchus (two rights and one left) transection. The other two patients, who had blunt neck injuries, were diagnosed 24 hours and 20 days after their trauma. Diagnostic rigid bronchoscopy was performed for all patients excluding one who suffered a penetrating trauma and was referred to us a few hours after his trauma with a tracheostomy. The results of 21 patients in DM group are summarized in Table 4 .
Overall final results
There were 7 complications (20%). Three patients with wound infection managed by drainage and antibiotics. Two anastomotic strictures in DM group required repeated bronchoscopic dilatations ( Table 4 , patients no.11 and 15). There were 2 anastomotic dehiscences. The first case was an 80-year-old female ( Table 1 , patient no.10), known case of COPD, with a post-intubation tracheal stenosis and tracheoesophageal fistula, whose trachea was completely disrupted during an elective intubation for surgical repair of her disease. Airway establishment was performed by an immediate surgical exploration of the distal trachea. Then a tracheal resection and reconstruction, esophageal primary repair and interposition of the thymus gland in between were performed. Unfortunately, an anastomotic dehiscence occurred in the 5th postoperative day and the patient died.
The second case was patient no.13 ( Table 1 ) who underwent an urgent tracheal resection and reconstruction and a protective tracheostomy. A partial dehiscence was subsequently developed, which led to a cicatricial tracheal stenosis. After 9 months, he underwent a second tracheal resection and reconstruction.
All patients have got extubated in the operating room except one ( Table 3 , patient no.10), who was kept on mechanical ventilation postoperatively (the mortality case).
The follow up rate was 97.1 %(mean 58.2 months; range 1-150 months). The overall final results were good in 20 (57.1%), acceptable in 11 (31.4%) and poor in 2 (5.7%) patients. Long-term follow up results for both groups are shown in Table 5 . 
Discussion
Major airway traumas occur by different mechanisms. Although blunt trauma injured the airway from the larynx down to the bronchi in our patients, there was no bronchial injury by penetrating mechanisms, and no laryngeal or laryngotracheal injury by iatrogenic mechanisms. It seems that stab wounds do not easily reach the carina and main bronchi located deep in the bony chest cavity, and gunshot wounds, when reach there, would kill the victim on the spot because of damage to the major surrounding vessels. Regarding iatrogenic traumas, it seems that the stable and rigid structure of the larynx and cricoid cartilage makes them resistant to this type of trauma.
Although iatrogenic major airway traumas have been reported more in women than in men in the literature, 10, 11) in our series it was equally distributed in both sexes. However, in 6 out of our 8 patients, airway injury occurred intraoperatively or during manipulation of a stenotic trachea, and only in two occurred in the normal airway, both female. Major airway injuries produce a wide spectrum of clinical manifestations ranging from a completely ruptured and exposed airway to no visible sign. Therefore, a very high index of suspicion is required for early diagnosis and prevention of late complications in those who do not have an apparently injured airway. 4, 6, 12) If the patient's condition allows it, a chest x-ray should Ann Thorac Cardiovasc Surg Vol. 17, No. 6 (2011) Rigid bronchoscopy is our method of choice for diagnosis, and evaluation of the extent of injury at our hospital. However, both flexible and rigid bronchoscopies should be available, because they are complementary and have been shown to be highly accurate in experienced hands. 4, 9, 12, 14) In an emergency situation, the first step is the establishment of a secure airway. If the injured airway is exposed, the best and simplest way is direct intubation of the airway via the wound 15, 16) as two cases of ours. Otherwise, if the patient has spontaneous respiration and seems to have enough time to reach the hospital alive, it is better not to intubate the patient, because oral intubation may kill an alive dyspneic patient by converting a partial airway obstruction to a complete obstruction. 4, 5) However, if there is not enough time to transport the patient to a specialized hospital, cricothyroidotomy or tracheostomy may be good choices. 4, 15, 17) If the trachea is injured, and tracheostomy is to be done; it should be performed through the damaged tracheal rings whenever it is practical. 4) When the patient arrives at a well-equipped hospital, the safest method is intubation over a flexible bronchoscope in the operating room, or rigid bronchoscopy both for airway establishment and evaluation of the extent of injury. The next step would be evaluating the associated injuries. The most important is ruling out the spinal cord injury before any manipulation, if time allows.
The other very important structure is the esophagus. Contrast studies, esophagoscopy or intraoperative exploration may be performed to rule out any esophageal tearing. 16) If an esophageal injury is missed, or inappropriately repaired, esophageal leakage, mediastinitis, disruption of repaired airway and tracheoesophageal fistula may happen. 4, 18) If the hypopharynx or esophagus is injured, it should be meticulously debrided and repaired in two layers. In case of any suspicion of failure, a tube gastrostomy or jejunostomy would be helpful. When the cervical esophagus is repaired and faces a repaired trachea, it is mandatory to interpose a viable tissue like strap muscles or thymus in between to prevent subsequent tracheoesophageal fistula. 4, 18) Vocal cords anatomy and function should be assessed before any definitive airway surgery, because a patent and functional glottis is required for a successful airway reconstruction.
Vocal cords may be injured by direct trauma to the larynx or recurrent laryngeal nerves. In case of pure laryngeal trauma, we refer our patients to our ENT colleagues. In case of no emergent laryngotracheal injuries, we prefer to ask our ENT colleagues to do whatever is necessary to keep the patient's glottis patent before final airway reconstruction. When we are not confident about our patient's glottis in an emergent laryngotracheal repair, a protective small size tracheostomy tube is inserted 2 rings below the suture line, and the glottis is reevaluated in the following days. Vocal cord paralysis may also occur secondary to recurrent laryngeal nerve injury. This injury may happen as a direct trauma or during surgical exploration. We never try to find the recurrent laryngeal nerve during surgical exploration. 4) We do our dissection meticulously and close to the trachea in order not to injure the nerves. All of our IM patients had a normal voice at follow up, except for one with bilateral recurrent nerve paralysis due to a complete tracheal disruption.
After establishing a secure airway and evaluating the airway injury, it is time to decide for airway repair. If the airway trauma is minor, the airway continuity is provided, and the patient is stable and has no pneumothorax, our choice is conservative treatment, 6, 10, 11, 16, 17, [19] [20] [21] which is referred to do no surgical repair and keep the patient hospitalized and monitor his or her respiratory status. This was the case in three of our iatrogenic patients, all with good results. In other cases, if the airway is not completely disrupted, it is debrided, and then a primary repair with an absorbable suture is performed. If there is a defect in the cartilaginous part, it may be managed by insertion of a T-tube (in one of our IM patients) or tracheostomy tube through it. In case of complete tracheal disruption, if it is sharp and viable, it could be repaired primarily by an end to end anastomosis (three patients).
We had a patient with complete tracheal disruption due to a tightened shawl. He underwent a primary tracheal resection and anastomosis but developed a partial dehiscence and subsequent tracheal stenosis. Another tracheal resection and anastomosis was performed 9 months later. We learned from this case not to do a primary anastomosis in case of severely damaged and lacerated trachea, which usually occurs as a result of blunt injury. Dealing with patients who were referred to us (DM group) was moderately different from IM group, because they were stable in terms of respiration. This type of patients first undergoes fiberoptic bronchoscopy by local anesthesia and intravenous sedation for evaluating their laryngeal anatomy and function, as well as their tracheobronchial injuries. If necessary, they then get general anesthesia and undergo a rigid bronchoscopy to better evaluate the type of injury and measure the length of the stricture. If indicated, bronchoscopic dilatation could also be performed. In DM group, those with laryngotracheal injury are the most difficult patients to manage. This is because of the complex anatomy of the larynx, vocal cords and cricoid cartilage, as well as their injury by both the trauma itself, and probably the previous unskillful surgical procedures. Anyhow, if we adhere strictly to the basic rules of tracheal surgery, 4, 8, 9, 22, 23) the result will be good.
Clinical presentation of patients with main stem bronchial injuries may be misleading. Most of the time, after rupture of a main stem bronchus, pneumothorax develops, and the patient undergoes tube thoracostomy. Surprisingly, the lung may completely be re-expanded 7, 24) as it was in two of our 4 patients. It seems that after complete transection of a main bronchus, its surrounding pleura and connective tissues may preserve a conduit for air to be passed to the lungs. However, after some times, granulation tissue formation and fibrotic stricture develop and the lung gets collapsed.
Regarding the incision of choice for elective procedures, we believe that a transverse collar incision is adequate for approaching the larynx and upper two thirds of the trachea. For more distal part, a T-incision (transverse collar with partial sternotomy) is preferred. Approaching the most distal part of the trachea, carina, right main stem bronchus and proximal part of the left main stem bronchus could be best performed via a right posterolateral thoracotomy. We had one patient with a complete obstruction of the left main stem bronchus 3 cm distal to the carina. She was approached via a left posterolateral thoracotomy successfully. In case of emergency procedures, these incisions may be modified or changed in order to manage the associated injuries as well.
Based on the final follow-up results ( Table 5 ) the longterm outcome looked to some extend better in our IM group than DM group patients. This was also stated by others. 4, 5, 12) Though DM in the referral patients, who had undergone redo surgeries, was difficult to manage, unskillful airway manipulations and surgical procedures might have been responsible for the poorer results, as well.
Therefore, for patients whose respiration is unstable, we recommend minimum intervention and then referral to centers with enough experience in airway surgery.
